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(54) Polymer-pigment compoaltes 

(57) Compodlte panlolee and a method of preparing 
the composite particles are provided. The compostte 
particles contain titanium dioxide partloloe wllh ad- 
sorbed two-phase polymer particles. The two-phase 
pcfymer panicles have a soft polymer phase and a hard 
potymer phase in which the weight ratio of the hard pol- 



ymer phase to the soft pofymar phase Is in tho range of 
1 0:1 to 1 :5, The compoelte particles containing the two- 
phase polymer particles have improved aqueouo OtEibll- 
Ity and provide coatings with improved scrub resistance. 
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Oo&erlptlon 

[00011 Thfe Invention relates to polymdr-plgmant compo&fte partScres. in particular, this Invention ralato^to composite 
particles containing pigment particles and polymer parltetee which contain two polymer phases. Puither,.this Invention 
relates to a process of preparing the composita. 

[0002] Titanium dioxide Is the pigment of choice by most coatings manufacturers, particularly paint manufacturers, 
to provide whttenofis and opacity or "hiding" to the final dried coating. Titanium dloxlds is typically the most expenstve 
raw material In a coating formulation. Thus.* paint manufacturers have long sought to achieve the desired -opacity by 
using the smallest amount of titanium dioxide poeelble. A number of techniques have been employed, Incruding: 
10 • 

. (1 ) using Otanium dioxide that i^as an optimal average particle size and particJe size didtrlbuUon for light ecatterlng; 

(2) using tftanium dioxide that is Well dispersed. 

The opacifying capability or hiding powerof a coating orpaint Id a function of the spacing of the titanium dioxide partides 

^9 In the dried coating. The light scattering characteristics of titanium dioxide particles are well known and the average 
size and size distribution of the titanium dioxide have been optimized by the titanium dioxide manufacturers for maxi- 
mum ecatterlng. Moximum light scattering occurs when the titanium dioxide pigment particles, have a diameter of 
2OO-2B0 niincmetors (nm) and are spaced apart from each other, on the order of a few particle diameters, so that there 
Is minimal Interference between the light scattering of neighboring particles. 

20 [0003] In an effort to achieve the proper spacing of the pigment porcictes, titanium dioxide manufacturers have at- 
tempted a number of techniques. Including encapsulating titanium dioxide particles with a variety of different polymers 
(dtther fully in the form of a coating or partially In the form of nodule) or adsorbing a variety of different materials, 
• Including polymers (either film forming ornon-fam forming), to the surface of the titanium dloxldo particles. U.S. Patent 
5,385,980 discloses an aqueous dispersion of composite particles, the composite particles each incruding a plurality 

2S of aelacted polymeric latex particles adsorbed to a titanium dioxide partrcla. The eelected polymeric latex particles, 
which have at least one dihydrogen phosphate functional group, provide spacing between the titanium dioxide particles 
In films to Increase the light soetrerlng of the titanium dioxide particles. U.S. Patem 6.385, d60 also dieoiosee that the 
aqueous dispersion of composite particles must Include dibasic phospfiate to in hibit a contin ued increase In the viscosity 
of tha aqusous dlsparBlon. Howev&r, tho addition of. the dibasic phosphate may adversely affect the connoston reBlotance 

so of metal coatings contain in g the composite partrcles. Further, ft Is desired thatthecoatingSt which contain thecompositB 
particles, have Increased levels of scrub resistance, an Important property for coatings such as paints. 
[p0O4] Coatings- containing composites must provide a balance of -properties Including optical properties such as 
hiding and gloss, and mechanical properties such as scrub Fesistance. The composite must havegood aqueous stability 
to allow storage and formulation of the composite, end rormuiations prepared from the composite. There is a oontinutng 

9^ need to improve the scrub resistance of coatings prepared from coating formulations including composites while main- 
taining the aqueous stability of the composite containing coating fofmu lation. The Irweniors have found that composites 
containing polymer particles which are cliaracterlzed as having two polymer phases, provide a combination of disper- 
sions of composite particles with aqueous etabfiiiy and coatings with improved scrub reslstanoe. 
. [0005] The present Invention provides a. composition having oomposite partides, the composite particles each In- 

•*o elude at least one two-phass polymer particle adsorbed to e titanium dioxide particle. The two*>phase polymer particle 
. contains two polymer phases in which the difference In the glass transition temperatures of the two phases is 1 o^c or 
greater. These two-phase polymer particles are useful for providing titanium dioxide contaiining compositos which are 
stable as aqueous dispersions and when dried, coatings Including the titanium dioxide composites which have improved 
scrut) resistance. The present invention also provides a mathod of prepanng the composite particles. 

4s [0006] The first aspect of this invention provides a eompoeitlon including at least one cortiposite particle; wharoln 
the composite particle compnsed a titanium dioxide particle and two-phase polymer particles adsorbed on the surface 
of the titanium dioxide particle; wherein the composite particle is formed in an aqueous mixture containing at least ona 
titanium dioxide parcels, a multiplicity of the two-phase polymer particles, and optionally, dispersant, and the weight 
ratio of the multiplicity of the tv/o-phase polymer particles to at least one titanium dioxide particle in the squeoue mixture 

ifo is in the range of 1 :2o to 1 :2; vrfiereln each of the two^phass polymer partids* includes a soft polymer phase with a 
glass transition temperatufB less then or equal to 40*0, and a hard polymer phase with a glass transition temperature 
greater than 40^C; wherein the difference between the glass transition temperature of the hard polymer phase and the 
eoFI polymer phase is at least lO^C; wherein tfre average weight ratio of the hard polymer phase to the soft polymer 
phase Is In the range of 10:1 to 1 and wherein each of the two-phase polymer particles Includes at least one element 

55 selected from: at least one phosphorus functional monomer as a polymerized group, at least 5 weight % of at least 
one carboxyiic acid monomer as a polymerized group, based on weight of the two-phase polymer particle?, at least 
one acid macromonomer as a polyrnerlzed group, and a water soluble polymer chemically bonded to the two-phese 
polymer particles wherein the water soluble polymer has a molecular weiglit of at least 1500 prior to bonding to the 
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two-phaso polymer partided and contains at laast one moiety adsorbabia to the tttanium cRoxide particle: or the two- 
phase polymer particles and the titanium dioxide particle have opposite charges. • ' - 
[0007] In the second aspect of this invention, a process is provided for preparing a stable aqueous dispersion of 
composite partScies including the &t9ps of:, dispersing titanium dioxide particles in a first aqueous medium; preparing 

s a dieperelon or suspension of two-phase polymer particles In a second aqueous medium, wherein the two^phase pol- 
ymer particles comprise: a soft polymer phase with a glass transition temperature less than or equal to 40°C, and a 
hard polymer phase with a glass transition temperature greater than 40'C, Wherein the dUTerence between the glass 
transition temperature of the hard polymer phase and the soft polymer phase is at least 10'C, wherein the average 
weight ratio of the hard polymer phase to the soft polyrr^er phase ie In the range of 10:1 to 1 :5, and wherein each of 

10 the two-phase polymer particles includes at least one eiamant selected from the group consisting of: at least one 
phosphorus functional monomer as a polymerized group, at (east 5 wsight % of at (east one carboxyllc acid monomer 
as a polymerized group, based on weight of the two-phase polymer particles, at least one acid macromonomer as a 
polymerized group, and a water soluble polymer chemically bonded to the two-phase polymer particies wherein the 
water soluble polymer has a molecular weight of at least 15Q0 prior to bonding to the two-phase polymer panicles and 
contains at least One moiety adsorbable to the titanium dioxide particle; or the two-phase polymer particles and the 
tttanium dioxide particle have opposite ciiargesi preparing a mixture containing the first aqueous medium, the second 
aqueous medium, and optionally, dlspereant. wherein the average weight ratio of the two-phase polymer particles to 
the tttantum dioxide particles is in the range of 1 :£^0 to 1 12; and permitting adsorption of the iwo-phaee polymer particles 
to the titanium dioxide pailiQles to f onri the stable aqueous dispersion of composite parllclee. 

[0008] Tlie composition oontaTnlng the composite particles may be used In preparing formulated aqueous oomposl- 
tiops, such as coatlngi compositions, palntSj and inks^ which show good aqueous depersion stability, such as good 
vieooshy stability or enhanced resistance to floccuiatfon during preparation and storage compared to composite parth 
olas npt Including the two-phase polymer particles. These coating compo&ltlor\s may be dried to give coatings whieh 
show irnproved resistance to scrub but also retain the enhancement In hiding otitained with composite containing 
S3 coatings. In addition, one or more benefits in a variety of coatings application propertied. Including gloss^ thickener 
einclenoy, slurry compatibility, flow and leveling, color acoeptanos, color float, syneresls, whiteness, metal marring 
resistance, and wactsrspot resistance may be provided. 

> tOOOd] As vsed hemin. the term *'(meth)acrylate" rsfersto either acryfate or methacrylate and the term '(meth) acrylic* 

refers to either acrylic or methacryllo. 
30 £0010] "Glass tremsltlon temperature" or Tg" as used herein^ means the temperature at or above Which a glassy 

V. pclymer will undergo segmental motion of the polymer chain. Glass trahsition temperatures Of a polymer can be esti- 

'■•ff' ' mated by thel^ox equation IBuH&tfn of the Amerfcan Physfcal Society 1 . 3 Page 123 (1356)] as follows: 

in J» 

3S ' 1 = ^1 ^2 

For a copolymer, Wi and w^ refer to the weight fraction of the two comonomers, and T^^^ and T^2) glass 
transition temperatures of the two corresponding homopelymers In degrees Kelvin. For polymers containing three or 
4o more monomers, additional tem^s are added (wr/Tg^p)). The Tg of a polymer phaee can also be calculated by using 
the appropriate values for the glass transition temperatures of homopolymers, which may be found, for example. In 
"Polymer HandbookV edited by J. Brandrup and E. H. Immergut, Incersolence Publishers. The values otTg reported 
herein are calculated based on the Fox equation. 

[0011] The oompositlon of thia Invention contains at least one composite particle wherein each composite particle 
^ Includes a titanium dioxide partk:le and at least one two-phase polymer particle. The two-phase polyirier particle Is 
adsorbed to the titanium dioxide particle and minimizes aggregation of thetltanlum dioxide particles In aqueous medturn 
tiy preventing contact between tttanium dioxide particles. Compoailea Including the two-phase polymer particles have 
ImprovE^d disperston stability arKl also may provide coatings with good optical properties such as hiding, opacity, or 
color, and with Improved scrub resistarx:e. 
so [001^ A key aspect of the present Inventton Is the two-phese polymer particles, these polymer particles have at 
least two polymer phases. One polymer phase Is referred to herein as the "soft polymer phase " and has a glass 
transition temperature less than or equal to 40*C. The other polymer phase le refen-ed to herein as the "hard polymer 
phase" and has a gtsss tr^altien temperature greater than 40*C. Purther the two polymer phases must have a differ- 
ence In their glass transition tenr^peratures of at least 1 0^C. The ratio of the weight of the hard polymer phase to the 
5S weight of the soft polymer phase In the two-phase polymer particle Is In the range of 1 0:1 to 1 :5. 

[0013] The two-phase polymer particle may also contain mora than two phases. However, if there are two or more 
phases with glass transition temperatures greater than 40^C, these two or more phases will be considered dollecUvely 
as the hard polymer phase. Ukewise. if there are two or more phases with glass transition temperatures less than or 
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equal TO 40°C^ these TWO or m6ra phases will be considered collectively as the soft polymer phase. In a two-phase 
polymer particle with three or mora phases, at least one hard phase and at'leaet one eoft phase must have a difference 
in Their glass transftion temperatures of fit least 1 0°C. 
' [0014] The two-phase polymer particles also have chemical groups which promote adsorption to the titanium dioxide 

5 partido to form a stable composite, or alternatively, the two-phase polymsr particles have an opposite charge from the 
Titanium dioxide particle. These chemical groups, or altemalively» the attraction between the opposite charges of the 
two-phase polymer particle and the Cftanlum dioxide particle provide the two-phase polymer particles with an affinity 
toaesodaitewUh the titanium dioxide particle and to remain associated with the tltanlam dioxide particle. The association 
maybe reversible or irreversible and Includes chemical bonding such as covatent bonding and ionic bonding, van dsr 

10 Waals attraction, and s'terio stabilization. The composite particle formed by the Bssoclatlon beTween Che two-phase 
polymer particles and the titanium dioxide particle must be sufficiently strong to provide composite particles which do 
notseparatelntotwo-phass polymerpartlclesand titanium dioxide partk^les when usedaeacomponentln afbnriulati 
[0015] Suitable moiphologi^forthc two-phase polymer particle include core-Shell polymers in Which the soft pofy^ 
phase fully encapsulates the hard polymer phase. Alternatively, the two-phase polymer particle may have a shell phase 

IS which does notfullyencapsulatothe core phase such as an "acom" morphology In which ettherthe hard polymer phase 
or the soft polymer phase may be the shell phase which partially encapsulates the other phase fomiing the core phase. 
The two-phase polymer particle may also have a "dlpole* morphology In which each phas'e fomns separate but con- 
nected looee, or a particle containing a h^rd polymer phase hemisphere and a soft polymer phase hemisphere. The 
two-phase polymer particle may have a morphology in which the hard phase Forms multiple domains v^'thin the soft 

^ polymer phase. Another euitable moiphology le a two-phase polymer particle In which one phase forms multiple do- 
mains on the surface of the other polymer phase-. The two-phase polymer particle may be apherlcal or may have a 
no'n-spherioal ehape such as an- ellipsoid or a rod-like shape. Preferably the two-phase polymer particle Is spherical,. 
The chemical group which provTdea adsorption to the tftanium dioxide partble la preferably at or near the eurfaoe of 
the two-phaee polyrner particle to provide meadmum Interaction with the tftanium dioxide particle. The chemical group 

^ which provides adaorption may be in either the hard polymer.phase or the soft polymer phase. 

[0016] The two-phase polymer particles useful In the composition of the present Invention may be prepared from a 
wide range of polymerlzable monomers, such as, for example, monoethylenically unsaturated monomers, including a, 
P-monoethylenically unsaturated monomers such as alkyi acrylates and methacrylates. Suitable monomers Include 
styrene, butadiene, ct-methyl styrene. vlnyrtoluene, vinyl naphthalene, ethylene, propylene, vinyl acetate, vinyl versa- 

S9 tate, vinyl chloride, vfnylidene chloride, acrylonitrile. msthacrylonrtrile, (meth)acrylamida, various C^-c;^) ^"^1 esters 
of (meth)acrylb acid; for example, methyl (meth)acryiate, ethyl (met h)acry late, n-butyl (meth)Bcrylate, Isobutyl (meth). 
acrytate, 2-eThylhexyl (meth)acrylate, cyclohexyl (meTh)acrylaTe, n-octyl (meth)ac7yiate, n-decyi (meth)acrylaTe, n-do- 
decyl (nneth)a^ate, tetradecyl (meth)aorvlate, n-amyl (meth)acrylate. neopeniyi (meth)acrylate, cyclopenly! (meth) 
acrylate. lauryl (meth)acrylate, oleyl (meth)acryiate, palmityl (rneth)acrylate> and stearyl (meth)acryjate; othar (meth) 

35 acrylates such as Isobomyl (meth) acrylate, benzyl (m©th)acrylato. phenyl (meth)acrylate, S-bromoethyl (meth)acrvJate» 
2-phenylethyl (meth) acrytate, and 1-naphthyl (meth)acrylate, alkoxyalkyl (meth)acrylate, such as ethoxyethyl (meth) 
acrylate. mono-, dl-, trialkyi esters of ethylanlcally unsaturated dt- and tricarboxylic acids and anhydrides, euch as ethyl 
maleate, dimethyl fumarate, trimethyl aconltate^ and ethyl methyl Itaconate. The ethylenlcally unsaturated monomer 
may also include 'at least one multiethylenically unsaturated monomer effective to raise the noolecular weight and 

^ croielinic the two-phaee polymer particle. Examples of multiethylenically unsaturated monomers that may be used 
Include allyl (meih}acrylatQ, tripropylene glycol dl(meth)acrylatB, dlethylane glycol dl(meih)acrylate, ethylene glycol di 
(meth)aerylate, 1 ,6-hexanedlol dl(metti)aery}ate. 1 ,3-butylene glycol dl(nneth}ecrylaie, polyalkylene glycol di(meth)acr- 
ylate, dialtyl phthalato, trimathylolprDpane trl(meth)acrylate, dMnylbanzane, dMnyltoiuene. trlvlnylbenzene, and divTnyl 
naphthalene. 

4ff £001 7] other types of polymerlzable monomers Include functional monomers which may be Included as polymerized 
units In the two-phase polymer partldes useful In ttie composites of thifi Invention, depending on the ultimate application 
for which the product produced by the prooese of the present Invention Is Intended. For example, small amounts of 
adhesion-promoting polymerizable monomera can also be included. Examples of other.iypes of functional monomers 
include hydroxy-functlonal monomers such as. S^hydroxyethyl (meth)aorylate, aminofunctional monomers, such as 

so ■ gtycldyl (meth)acrylate, (meth)acrylamlde, substituted (meth) aery lam Ide such as diacetone (meth)acrylamide, ace- 
toacetoxyoihyl (meth) acrylate. acrolein, nietheeroleln, dleydopentadlenyl (meth)acrylate. dimethyl metaisopropcnj-l 
benzyl l^ocyanate, isocyanato ethyl methacrylate, N-vinyl pyrrondone> N,N*-dimGthyiamino(meth)acFylata, enci polym- 
erlzable surfactants. Including, but not limlred to, TTem LF-40 (Henkel Corporation). Methyl cellulose and hydroxysthyi 
cellulose may be included in the polymerization mixture. 

55 [001 B] The eThylenleaJly unsaturated monomers ere chgeen for the hard polymer phase and the soft polymer phase 
to provide the properties required in the intended application and to provide' a hard polymer phase with s Tg greater 
than^^C and a soft polymer phase with aTg equal to orlesstt^an 40°C. wherein The difference in TheTg'e of the hard 
and soft polymer phase is at least 1 0''C. The Tg of a polymer phsse is catculaled using the Fox Tg equation. 
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[0019] The two-phasa polymer particles may adsorb to the tilanium dioxide parUcIo, by attractive interactions such 
aa by covalent bonding, Ionic bonding, attraction botween oppositB charges on the t^o-phaso polymer particles and 
thetltanlum dioxide partlcid, steric forces, or Vf^n der Waate'fitorcos.Tho attachment of the two-phase polymarpartlcles 
to the titanium dioxide particle must bo strong enough to form composite paiUdas which ai^cdlloldily stable In aqueous 
s medium and whareln the two-phase polymer particles do not desorbfrom the titanium dioxide particle in the presence 
of other components and in different conditions, especially components and conditions encountered in the manufacture, 
storage, and use of water-borne coatings. 

[00^0] in ona embodiment, the two-phase polyrrier particles includa as chemical groups which provide adsorption 
to thetltanlum dioxide particle, phosphorus containing groups such as phosphates and phosphonates. The two-phase 

io polymer particles with phosphorus containing groups may be prepared by polymeria:ation of a mixture of ethylenlcally 
unsaturated monomers including phosphorus functional monomers. Suitable phosphorus functional monomers include 
dihydrogen phosphats-functionEil monomers. Examples of dihydrogen phosphate-functional monomane Include dlhy- 
drogen phosphate estera of an alcohol In which the alcohol aleo contains a polymarizable vinyl or olefinic group, such 
aa allyl phosphate, mono- or diphosphate of bls(hydroxy-methy0 fumarate or Itaconate, derivatives of (meth)acryl]c 

IS acid esters, such as, for examples phosphates of hydro)cyalkyl(meth)acrylate3 Including 2-hydroxyethyl (meth)acfylate. 
3-hydroxypropyl (meth)9crylQtes, and th© Ilk©. Other suitable phosphorus functional monomers are phosphonate func- 
tional monomers, disclosed In WO 08/25780 A1 . and Include vinyl phospho nic acid, allyl phosphonlo acid. 2-ae)ylamido- 
2>merhylpropanephosphonlc acid, a-phosphonostyrene. S-methylacrylamidtsz-methylpropanephosphonic acid and 
alkali metal end other salts thereof. Further surleible phosphorus functional monomers are 1 j2-ethylenicalJy unsaturated 

so (hydroxy)phosphinylBlkyl (meth)acrylata monomers^ disclosed in \JS 4p733,005.'ar1d Induda (hydroxy}pho8ph[ny1me- 
thyl methacryiate. 

[0021] Preferred phosphorus funollonal monomers are dihydrogen phosphate monomers which indlrde: 

CHaoC(CHa)C02CHaCH20P0{0H)a 

CHa=C(CH3)COaCH2CH[OPO(OH)a]CHa 



CH2=C(CH^)COjCH2CH2CH20PO(OH)2 



CHa^CCCHgjOOaCHaCHOHCHaOPOtOH)^ 
and the corresponding acrylates. 

[0022] The two-phase polymer particles may contain phosphorus functional monomer ot revels In the range of 0.1 
40 to 10 weight %, preferably from 0.5 to 5 weight and more preferably from 1 to 3 weight %, based on the weight of 
the two-phase polymer particles, ss a chemical group whioh pravkles adsorption to the titanium dioxide pardoie. 
[0D23] Attematlvely, the two-phase polymer particles may be prepared by poiymerizaiion and subsequently runction- 
allzed to give phosphorus functional groups such as dihydrogen phosphate functional groups. For example, two-phase 
polymer partldea containir>g amine functionality may be reactsd under basic oondltJons with a compound Including 
45 both epoxy and phosphate functional groups. Similarly, two-phase polymer particles containing epoxide functionafiiy 
may be reacted with a compound Including both phosphate and amine groups. The two-phase potymerpartldes which 
are fu nationalized to give phosphorus functional groups may contain levels of phosphorus funoQcnal groups equivalent 
to two-phase polymer particles prepared from phosphorus functional mor^omer. 

[0024] The two-phase polymer particles may be prepared with either the phosphorus containing groups in the soft 
so potynrker phase orthe hard polymer phase. Preferab^ the phosphorus containing groups are located at or near asurface 
of the two-phase polymer particte. 

[0025] In another embodiment, the two-phase polymer partidee include csdsoxylic add groups as chemical groups 
which provide adsorption to the titanium dioxide partlclee. The two-phase polymer particles with catfaoxyllc acid groups 
may be prepared by polymerization of a mDccure of ethylenically unsaturated monomers including at least 5 weight % 
S5 carboxyllc'acld monomers, based on the weight of the two-phase polym ar particles. Examples of carbosQrltc acid mon- 
omeis include {mBth)acryrrc acid, Itacpnic acid, fumaric acid, maleic acid, maleic anhydride, ethaerylle acid a-chloro- » 
acrylic acid, a-vlnylacrylic acid, crotonic add. cinnamic acid, ch I orcein nam ic acid. fV-styrylBcrylic acid. p-scryloxyprD" 
pionio add, and salts thereof. The carboxylle acid mortomer may be Included as a polymerized unit In the har^ polymer 



and 
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phase or the sQft pglymer phase, prp\nded the carboxyfic acid groups are located at or naar a surface of tha two-phasa 
polymer partlde. The location of tha carboxyllc add tn the two-phase polymer partrcle may be determined by electron 
mterosoopy ualng heavy metal aatts wh[ch complex-wlth the carboxyllo aold, ae deaorfbad In M. Joanicot. at al. Mao- 
romotecules2B, 3168-3175 C1993) andO.L. Shaffer, etal. Proceetiirigs c/fthBXinh tntemational Congress ibrBectron 
« Microscopy, 42&-427» 1 990. The two-phasa polymer particles may contain from 6 to 15 weight %, preferably 6 to 1 0 
weight %, carboyyiic acid hnonomer, based on the weight of the tv/o-phaee polymer particles, as a chemical group 
which providss adsorption to the titanium dioxide particle. 

[0026] In another embodiment, the two-phasa polymer particles include acid niacromonomer as a chemical group 
to provide adsorption to the titanium dioxide particles. As used herein, acid macromonomer refers to oligomer with a 
io terminal unsaturatlon and Includes monomers with acid groups as polymenzed units. The terminal unsaturatlon and 
the section of the acid macromonomer with tha acid groups, may be attached directly orthrough a linker group. Suitable 
acid macromonomers are: 



15 



(D Z [CHJp S IMlnlMlwS 

CHg 



cn) 



H2C=C IN]«[M]m H 

I 

X 



and 




wherein N id the residue of an ethylenloally unsaturated carbo)cylicBcld monomer and has the formula: 




wherein M is the residue or a second ethylentoally unsaturated monomer and has the formula 



so 




wherein tha N and M refilduefi otq randomly arranged in the acid macromonomer; wheroih m is the total number of M 
residues in the acid macromonomer and Is in the range of o to 150; wherein n is the total number of N residues fn the 
acid macromonomer and Is In the range of 2 to 200; wherein n Is greater than or equal to m; wherein the sum of n and 
m is in the range of 2 to 300; wherein A is a linker group selecTed from the group oansistln^ of ester, urethane, amide, 
amine, and ether linkages; wherein p le In the range of 1 to 20: wherein X is selected from the group consisting of 
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■» 

-COOY and R; wherstn-R Is se looted from phenyl radicals, substituted phenyl radicala, -CONHg. -CONHR\ -CONR'R'. 
-CN, -CCC)R'» -OCOR*^ -CI, and nnlxtures thoreof, wherein R' Is an alkyi or alkoxyedkyl radical IndepondentJy salected 
Irdpnthe group coneteting ot branched, unbranchod, or cyclic hydrocarbon radicals having 1 to i a carbon atoms: wherein 
Y le Independently selscted from the group consisting of H, NH^, alkan metals and alkaline eanh metals ; and wherein 

^ each Z I© Independently eelected'from the group consisting of K ar>d CH3, • ! 

[OOZT] The ecld macro monomers may be polymerized from at least one ethylenlcaily unsaturated carboxyllc add 
monomer and optionally at least one second ethylenlcaily unsaturated monomer. Suitable ethylenlcaily unsaturated 
carboxyilc QCid monomers Include acrylic acid, methacryllc acid, beta'acryloxypropfonioadd. ethacryllc add, a-chlo-* 
roacryfic scid, cx^vlnylacryllc acid, crotonic acid, a-phenylacryllc acld^ cmnamic acid, chloroclnneunro add, and ^-styr- 

10 ylaoryllc acid. Prefen'ed ethylenlcaily unsaturated carboxylfc add monomars are acrylic acid and methacrylic acid. 
[0029] The second ethylenlcaily unsaturated monomer Includes styrene, vinyltcluene, a-methylstynene, vlnylnaph- 
' thalene, vinyl acetate, vinyl vereatete. vinyl chloride, (meth)acrylonitrlle, (meth)acrylamkJe, mono- and di^substltuled 
(meth}acry(amlde, various (C^-C2o)alkyl ester? of (melh)Bcrylic acid; for example, methyl (math) aery late, ethyl (meth) 
acrylate, nxbutyl (meth) aery late, isobutyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, eydohexyl (meth)acrylate. n-octyl 

19 (nneth)acrylate, n-decyl (meth)acrylate, r^dodecyl (meth}acrylate, tetradecyl (m6th)aorylQt&, n-amyl (nnath)0cryiate, 
noopemyl (mGfth)acrylato, cyclopentyl (meth)acrylate, lauryt (meth)acrylate, oleyl (maih) aery lata, palnihyi (melh)acr- 
ylate, and stearyl {meth)acfylaTe; and other (meCh)acrylaies such as bobornyl (meth)aoryiale, benzyl (meth)acrylate, 
phenyl (meth)aoryiate, z-bromoeth/r '(mBfFi)&rylate, 2-phenylethyl (mekh)acryieia, and i-napntnyl (rnath)eciyiate; '• 
alkoxyalkyr(histh) aery lale such as ethoxyethyl (meth)a©rylate. The acid m9<;romonomer^ contain as polymerized units 

£0 from 50 to 1 00 mole percent ethylenlcaily unsaturated cartioxyltc acid monoitier, preferably from 70 to 1 00 mole percent, 
and most prarerably from 80 to 1 00 mole percent of these monomers. 

[0029] The acid macrohnonomcrs may be prepared by various conventional synthetic methode Including anionic 
polymerization as disclosed In U.S. Patcm4|l5B,73G, radical poiymertzatfon with chain transfer agents sucfi as cobalt 
complexes as described In U.S. Patent 5 ^24»e79, catafytle chain transfer polymerization with terminally .unsaturated 

ss Bjoid inaoromanomera used ee chain transfer agents as deacrfbed In U.S. Patent S,d62,d26j and high temperatura 
radical polymerization as deecrlbad in U.S. Patent 6,710,227. The tsm^inaliy unsaturated add maoromonomera of 
formula I may be prepared by conventional radical polymerlzstian using a hydj-oyy-runctlonal chain transfer agent such 
es 2HEnetoaptoethanol followed by the reaction of the hydroxyl group with an ethylenically unsaturated monomer with 
e ramplimentary reactlv^ group to attach the terminal unsalurBtlon- Examples of ethylenlcaily unsaturated monamera 

30 with a complimentary reacttve group Include glyofdyl (meth)acrylate, Isocyanatoelhyl (meth)aorylat0, or (meth)acryl}c 
add. !The ethylenlcaily unsaturated monomers with a compltmantary reactive group may be attached to ths fragment 
o^ the hydroxy>functional chain biansfer agent by various llnlcages Including ether, urethanci amide, amine, or ester 
linkages. The add macromonomers of formulas I, II, and III may be prepared by bulk, solutiori, and amulsfon polym- 
erization using batch, aemloontlnuoua, oroontinuous proceeaee. 

9s [0030] Another method to prepare the add macromonomers Is polymerization of esters of etiylBnlcalty unsaturated 
carboxylk^ acid monomers such as ettryl acrylata, butyl acrylate, or methyl methacrylate followed by the partial or 
complete hydrolysis of the ester groups to obtain the carboxyllo add furictlonelRlee. 

[0031] The two^hase polymer particles with acid macromonomer m^y be prepared by polymerization of a mixture 
of ethylenrcally unsaturated monomers Including acfd macromonomer. The add macromonomer may be Included aa 
40 a polymerized unit in thec^ard- polymer phase or the soft polymer phase, provide that the polymerized acid monomer 
is located^atpr naar the surface of the two-phase polymor particle. The two-phase polymer particles may contain from 
0. 1 to 1 0 weight %, preferably from 0.5 to 5 weight %» and [iboiie prefeVably from 1 to 3 weight % add macromonomer, 
based on The weight of the two-phase polymer particles, ae a chemical group which pmvldes adsorption to the titanium 
dioxide particle. 

4ts [0032] In another emboctrrient, the two-phass polymer paitidas Include a water^oiuole polymer to provide adsorp- • 
tlon to the titanium dioxide panicles, the water-aoiut>ie compound containing rrioletlee which are adaorbable to the 
lltafitam dioxide panicias. As disclosed in Us-A-^,4i 2,019, tfie waler-«olubie compound may be bonded to Ihe two- 
phase polymer particles during tlie polymerization of tlie two-phasa polymaf partidea, or the waterNSolubla compound 
may be bonded to the two-phase polymer partleles after polymerization, for example by co-reacthro moiati^e between 
the two-phase polymer partlcJe and the water-sduble compound. 

[0033] Suitable water-soluble compounds Include polymers with a weight avenags molecular weight over i 500 euoh 
aa polymers and copolymers containing as polymerized unite, (me£h)acrylamide, (meth)acryllc add, hydroxyalkyf 
(msth)acrylates, amihoalkyi (meth)acrylatesi vinyl pyridine, vinyl pyrrolldone, vinyl and fityrene aulphonic acid. Other 
water-soluble compounds Include polymer chains of poly(cthylen9 lmlne),'poly(ethyoxylate), poly(vlnyl elcohol), cellu- 
B5 lose ethers auch as hydroxyalkyi celluloses (including hydrophoblcally modified variants), alkyihydroxyalkyi celluloaeB, 
cariboxyalKyI ceMulosea, and carboxyalKyl^droicy-alkyl celluloses. Further water^olublo compounds Include polymere 
such as polyesters and polyurethanes or starch derivatives auch as acdtatea» hydroxyalkyl and acroxyalkyl starches 
or ionic starch derivathfcs such as phosphate, sulphate, -and amlnoalkyl. or polysaccharides such as xanthan, ^uar* 

* " '1 
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gum, and gum arabia 

[0034]- Tha water«olublQ compound may t>6 polymerized rnthc hard polymer phase or the soft polymerphaee, 

provided that the wator-solubis compound Id el; o'r near the outer surface of the two-pha$e polymor particle. 

[cms] In another orribodlment, adsorption of the two-phaso polymer particles to the titanium dioxide particle Is the 

s attraction between the two^phase polymer panldse whbh have a'aurfacc charge of one polarity, and the titanium 
dioxids particle which has a surface charge of the oppoelte polarity. As disclosed In US-A-s.509.9B0, ihe eompoeite 
mey be formed by preparing a disperBion of the two-phaee polymer particles either a positive or negative eurfaoe 
charge and a dieperslon of titanium dioxide particles with the opposite surface charge, mixing the two dispersions under 
■ conditions such that the mixing does not produce a reversal of the sign of the surface charge on one of the partbies. 

10 The pH values of tha dlspersfons containing the two-phase polymer particles and the titanium dioxide paitlolee may 
be chosen to obtain particles with the desired slg/i of «urfac6 ohanga. Preferably, the pH valued oT the tWo-phase 
polymer partldo dispersion and the titanium dioxide partlcia dispersion are similar to simplify Che n^lxlng step of the 
two olspemlone. Alternatively, If the two dleperelons have different pH values, acid or base may be added during the 
mixing siap to adjust the pH and prevent change In the surface charges of the particles. 

fs [0036] The two-phase polymer particlea liseTui in the composite of this Invention may t>e prepared by any process 
which provides copolymartzatlon of ethylenlcally unsaturated monomers to prepare two polymer phases such as two- 
stage emulsion poiymertzatlon. Suitable prooeesee rndude suspension or emulsion polymerization, Includfngfor ex- 
ample, the process disclosed In US-A-6,356,96B and US-A-5,2e4.530. The two-phase polymer particles useful In the 
composite of this invention may have monomer compositions, pantele sizes, and particle eiza distributions closely 

Sff related to polymerfc latex binders prepared by standard emulsion pofymerization techniques known in the art. In ad"> 
ditioa the polymer particles uaBfui in the compostte of the Invention may have an unimodat or a multimodal, inoludino 
a bimodal, partlole size distribution. • 

[0037] Emuieion polymerisauan techniques for preparing an aqueous dispersion of ttie two-phasa polymer particles 
from ethylenicaliy unseturatad monomers are well known In the polymer arts, and any conventional emulsion teohnlquo 

ss for preparing two^phase polymer particles such as multlpla stage polymertzatlon processes including two stage po- 
lymerisation processes, in a two stage polymerization process, a first monomer mbctura may be prepared containing 
ethyienloally unseturatsd monomers and added to the polymerization vessel. After the complete addition and polym- 
erization of the first monomer mlxture-to prepare partiolea of Ihefimt polymer phase, a aecond polyrher phase may be 
prepared by preparing a second monomer mixture containing ethylenlcally unsaturated monomers, adding the second 

so monomer mbcture to.the polymerization vessel contafnlng the particles of the first polymer phase, and polymerizing to 
prepare polymer particles which have a soft polymer phase and a hard polymer phase. In the two stage po^merization 
. procese, the first polymer phase may be the eon polymer phaee and the second polymer phase may be the hard 
polymer phase^Afternatively^ the first pplymef phase may be the hard polymerphaee and the eeoond polymer phase 
may be the soft polymer phase. The two stage polymerization procese may also be run ae two individual polymerization 

35 prtioesaes wherein the first polymer phase Is praparad In aflrsst potymerizatfdn process and at a subsequent tkna. the 
second polymer phase Is prepared by a second polymerization process In the presence of the flr^ polymer phase. 
Alternatively, the f ir^t and second polyrnertzatlon processes may be sequential steps In separata reaction vessel©. The 
polymer particles may be prepared Using a seed polymer emulsion to oontrol the number of particles produced by the 
emulsion polymerization of the Tn-st phase polymer, as Is known in the art. The particle size the polymer particles 

40 may be controlled t>y adjusting the initial surfac^iant oharge as is known in the art. The preparation of polymeric latex 
polymers such as tfie two phase polymer particles la discussed generally In D.C. Blackley, Emubion Polymerization 
(Wil^, New York, 1975). The preparation of aory lio latex polymers is described in, for example, Emuieton Polymerization 
of Acrylic Polymers. Bulletin, Rohrrt and Haas Company, Philadelphia. Preferably, the two-phase polymer paittdes are 
prepared by a polymerization process In an aqueous medium. Preferably, the aqueous polymerization of the two-phase 

•fs polymer panicles containing as polymerized units, ethylenlcally unsaturated monomers including phosphorus function- 
al monomers, cari^oxyllc add monomers, or acid macromonomer is conducted at a piH below 5, more preferably at a 
pH below 4. Qnd moai pretsrabiy In a pH range of 2 to 4. 

[0038] A pelyimerlzadon Initiator may be used In carrying out the polymerization of the two-phase polymer partiolee. 
Examples of poiyhnenkBtion Initiators which may be employed Includa polymerization inltlatoi^ which ihenrnaily decom^ 
BO pose at the polym0rt2;etlon tempersture to generate free radicals. Examples include both water^-sclubla and water- 
insoluble speclBS. Exampias of free radk^al-generating initiators which may be used include persulfetes, auch as am^ 
monlum orallcall metal (potassium, sodium, or lithium) pcrsuifate; azo compounds such as S,2'-azobls(!sobutyronitrile), 
^.ST-azoblsCa.^-d^GthylvalerDnttrile), end 1-t-butyl azocyanocyclohexane; hydroperoxides such ast-butyl hydroper- 
oxide and cumeno hydroperoxide; peroxides such ae benzoyl peroxide, ceprylyl peroxide, dl-t^butyl peroxide, ethyl 
a.^'^dHt^butylparaxy) butyratSj ethyl 3,3'-cfl(t*amu1peroxy) butyrata. t-amylpsroxy'^Z-ethyl hexanoate, end t-butytperoxy 
pluilata; perestera such ast-buiyl peracetate, k-butyl perphihalata, and t^butyl perfoenzoatc; as well as pAn^^rtdOnetea, 
such ae di(1«cyano«1-methylethyl)peroxy dicarbonate; and perphosphates. 

[D039] Polymerlzatfon Initiators may be used alone or as the oxidizing component of a redox system , which also 



PAGE 38/86'RCVDAT12l14/200$ 5:20:14PM [Eastern standard Tline]*SVR:U8PT(^^^ 



12/14/2005 16:31 FAX 612 331 7401 



IPLM GROUP, P. A. 



@]039 



, EP 1 209 191 A2 

Includes a reducing component such ad ascorbic add, malic acid, glycol'ic acid, oxalic acid, lactic acid, thioglycoJIc 
acid, or an alkali metal autfito, more specifically a hydrosuirite, hypos utflte, or metabl^uiftte, such as sodium hydr^sulfite, 
potassium hyposulfite, and potassium metabisulf Ice. or sodium rormaldehyde aulfo^orlate. 

[004O] trie Initiator and the optional reducing component nr^ay be used In proportions from 0.001 % to Sy4> each, based 

B on the weight of the ethylenfcalt/ unsaturated monomers In Ifie rt)onomer mbcture to be polymerized. Accaleratom such 
as chloride and sulfate salts of cobalt, Iron, nfckal, or copper may be used In email amounts. Examples of redox catalyst 
systems indude t-butyl hydroperoxidc/sodium formaldehyde fiulfoxylate/Fe(ll), and ammonium persulfate/sodlum bU 
eulffte/sodlum hydroeulflte/Fe(ll). The polymerization tempersiture may be from room temperature to about ©O^C, and- 
may be optimized for the catalyst system employed, as is conventional. 

ic [0041] Chain transfer agents may be used to control polymer molecular weight of a polymer phase. If desired Ex- 
amples of chain transfer ag^nls includeLmercaptans, polymercaptans, and polyhalogaacompAundfi. Examples of chain 
transfer agents which may bo used include alkyl meroaptans such as ethyt mercaplan. n-propyl mercaptan, n-butyl 
mercapten, isobutyl mercaptan. t-amyl msrcaptan, n-hexyl mercaptan, oyclohexyl menoaptan, n-octyl meteaptan. n- 
decyf mercaptan, n-dodecyl meroaptan; alcohols such as isopropanol, isobutanol, lauryl alcohol, and t-octyl alcohol; 

IS halogehated compounds such as carbon tetrachloride, tetrachlomethylepe, and triohlorobromoethane. Generally from 
o to 10% by weight, based on the weight of the ethylenloally urisaturated monomers fn the monomer mixture used to 
prepare the polymer phase, may be used. The polymer molecular weight may be controlled by other techniques known 
In the arc, such as selecting the ratio of the Initiator to ethylenfcally unsaturated monomer In the two phase polymer 
particles of this invention, each polymer phase may have similar molecular weighls or may have dirrerern molecular 

^ weights. 

[0042] Catalyst and/or chain transfer agent may be dissolved or dlspereod In separate orthe same fluid medium and 
gradually added to xh& polymerisation veeseL Ethylenloally unsaturated monomer, either neat or dlsaolvdd or dispersed 
rn a fluid medium, may be added simultaneously with the catalyat anchor the chain transfer agent. Amounts of initiator 
or catalyst may be added to the polymerization mixture to. "chase* residual monomer after polymertzadon of the first 
polymer phaae orthe second polymer phase has been eubstantlelly oompleted to polymerize the raslduat monomer * 
as Is wen known In the polymerization arts. 

[DOdS] Aggregation of the two-phase polymer particles is typically discouraged by including a stabilizing ^urTactant 
^ - in the polyme^zation mixture in the polymerizacton vessel. In general, the growing polymer particles are stabilized 

during emulsion polymerization by one or more surfactants such as an anionic or nonlonic surfactant, or a mixture 
J 90 thereof, as Is^ell known In the polymerization art Many examples of surfactants suitable for ^nulslon polymerization 
•-«* ' ars fliven in McCutcheon's Petements and Emulslflers (MC Publishing Co.. Glen Rock. NJ). bubliahed annually- other 

'ii?'*^ typ^ of dtabilfeing agents such as protective colloids, may also be used. However, it is preferred that the amount and 

• typo of fitabliteing surfactant or other type of stabilizing agent employed during the pofymerlzatlon reaction be selected 

so that residual stabilizing agent In the aqueous product of the polymerization reaction does not slgnlfleantly interfere 
35 with the pn^pertfes of coatings containing the composite of this Invention which Includes the two-phase polymer parti- 
cles. Further, charged Initiator fragments and copolymerized monomer bearing charged functional groups such as 
eopolymerized acfd-Punctional monomer are known to eomrtbute to the stability of the resulting two-phase polymer 
particles. It is important to note that stabilizing surfactants, copolymerized strongly acfdte monomers resfduai initiator 
fragments, and the like, may also Interfere with the aqueous stability of the composites of this Invention, Thus adjusting 
40 polymerization condition to provide e desired level of residual Initiator fragments andsurface acrd may be very Important 
in providing two-phase polymer particles for use in the process of the present invention. 

[0044]. The two-phase polymer particles usoful In the composite particle of this invention have a weight average 
motecular weight, Mw, of at least 50.000, preferably of at least 260,000, and most preferably of at least 750,00. as 
msBsured by gel pemneadon chromatograpny. 

^ [0045] The two-phase polymer paitfcles may be prepared as an aqueous dispersion orsuspenelon with a solids level 
to 70 weight The solids level of the two-phase polymer partteles prepared by aqueous emulsion polymerisation Is 
typically In the range of 20 to 70 weight %, preferably In the range of 35 to 60 weight %. Generally, the Lwo-phape 
polymer particies are prepared at the highest possible solids level to maximtze the reactor output without undue gel 
formation either durfng or after polymerization, and provided the viscostty of the aqueous dispersion or suspension is 

so low enough to permit pumping and mixing of the aqueous dispersion or suspension. 

[0046] Composite particles may be prepared With two-phase polymer particles having average diameters In the range 
of 20 to 1000 nm. However, for composito particles containing titanium dioxide pJgrnent or other pigments of similar 
size, maximum hiding power Is typically obtained with two^phaee polymer particles having average dlanrjeters In the 
range of 40 to 150 nm, preferabFy In the range of 50 to 135 nm, and more preferably In the range of 60 to 100 nm.The 

33 diameter of the two-phase polymer particles is measured by a quaslelastio light scattering technique, such as provided, 
for example, by the Model Bl-90 Partlde Slzer, of Brookhaven lr«tnjments'Corp. 

[0047] Composite particles may be prepared with the hwo-phase polymer partlol*?8 adsorbed to pigment particles 
such as zinc oxide pigments, antimony oxide pigments, barium pigments, calcium pigments, zirconium pigments, chro-> 
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' mium pigmentd, Iran ptgmants. magnesium pigmentSp lead pigments, zinc sutfido, lithopone, and phthalo blue. In one 
^bodiment. t^e composrte particles are prepared f ronn clay parffctes such as kaolin or delamlnated olay partfdea and 
twoishase polymer partlolee adsorbed to the clay p articles. In another embodiment, the composite parttcies ara pre- 
pared from calcium carbonate particles and two-phaee polymer partlolae adsorbed to the caldum carbonate partbles. 

9 Preferably, the pigment parttcled are titanium dioxide and more preferably, the pigment particles are rutlle titanium 
dioxide. The pig/nent particles maybe uncoated or coated with a conventional pigment coating. 

[0048] Titanium dioxide particles are available commercially both in the form of aqueous elurrlee and as dry pigment, 
and with a variety of surface Ireatmenls. depending on the Intended application. Some components of commercially 
available slurries, such as sodium or ammonium polyeiedxolyte dispersants, may Inhibit adsorption of the polymer 

10 particles on thd titanium dioxide particles^ as may certain surface treatments. Consequent{y» the extent and strength 
of adsorption depends on both the grade and physical form of the titanium dioxide and the identity of the Twvo-phase 
polymer particles employed. 

[00491 An aqueous difiparslon including the composite particles of this invention may be prepared by first admixing 
a first aqueous medium containing a dispersion of titanium dioxide particles, a second aqueous medium containing 
tne two-phase polymer particles, and optionally dlspersant Next, the two-phase polymer particles are allowed eufficient 
timo to adsorb to the titanium dioxide particles to term the composite partlclea of this Invention. The adsorption of the 
two-phase polymer partlclee to the tttanlum dioxide particles Is bellevfsd to be spontaneous and will continue until the 
two-phase polymer particles are completely adsorbed to the surfaces of the tttanlum dloxlda panldes, the surfaces of 
the titanium dioxfde particles are completely covered with two-phase polymer particles, or until an equillbrtum Is 

29 achieved between adsorbed two-phase polymer particles and two^phase polymer particles remaining dispersed in the 
aqueous medium. The time required for the completion of adsorption may depend upon the titaniurn dioxide type« the 
eurf ace treatment of the titanium, dioxide particle, dispersant type and concentration, the concentrations of the titanium 
^oxlde partlclea and the two-phase polymer partlolee, and temperature. The adsorption may be complete upon ad* 
mixing of the first aqueous medium and the second aqueous medum. or may require further time. Far oomposites 

£5 prepared with titanium dioxide partidee as the pigment peiliolee, edeorptlon of the two-phase polyrnerpartldes lypbalty 
required 1 2 iiours for complete adsorption. Mbcing the aqueous medium containing the titanium dioxide particles and 
the two-phase polymer paitlcles may reduce the time for the completion of adsorption. Low levels of other components 
may bo present in ^e aqueous medium during the fomiatioh of the composite particle provided ittese eamponente do 
not substantially Inhibit or substantially interfere the adsorption of the two-phase polymer particle to the titanium dioxide 

SO particle. Examples of other components Include cosolvents such as water misclble solvents; wetting agents; defoamers; 
surfactants; bioc^es; other copolymers; and other pigments. .Preferably the composite particle of this Invention Is 
formed in an aqueous medium in the atiscnce of other copolymers and other pigments. 

[Q050] In the preparation of the composite paiticles of this invention, tha fl^s^aqueous medium, the second aqueous 
medium^ and optionally the dispersant may be admbced by either adding the fir&t aqueous medium to the second 
aqueous medium or adding the second aqueous medium to the first aqueous medium. The optional dispersant may 
be added to the finst aqueous medium, the second aqueous medium, or to the mixture of the first aqueous medium 
and the second aqueous medium. Mbcing may be provided to ensure that the titanium dioxide particles and two-phase 
polymer particles are distributed uniformly In the combined aqi/eous medium. It is preferred that the first aqueous 
medium containing the titanium dioxide particle dispersion or Blurry id added to the second aqueous medium containing 

40 the two-phase polymer particles, rather than visa versa, so that situations in which there is a temporary "excess* of 
titanium dioxide partbles relative to the two-phase polymer portloies, and the possibility of grit-fomnatlon thmugh bridg- 
ing flocculatlon of the two-phase polymer particles by the excess of titanium dioxide particlesj may be avoided. 
[00511 An aqueous dispersion including the composite particles of this invention may also t^e prepared by first pre- 
paring a dispersion of two-phase porymer partidas In an aqueous medium. Next, the titanium dioxide pamcies are 

^ dispersed in me aqueoue medium containing the two-phase polymer particiee and optionally dispersant, and the two- 
phase polymer particles are allowed to adsorb onto the titanium dioxide panicles to form the composite particles. 
[0052] The preparation of the oomposlte particle of this Invention Includes an optional dtepereant. The dispersant 
may be added at levels which do not rnhibrt or prevent the adsorption of the two-phaae polymer particle to the titanium 
dioxide particle. Jhe eon^oslte particle may be prepared with levels ol dispersant in the range of o to 2 vveight %, 

^ preferably 0 to 1 !welght %, and more preferably 0 to 0.5 weig ht %, based on th e weight ofth e titanium dioxfde pigment. 
In one embodiment, the first aqueous medium is prepared with dispersant to aid In the dispersion artd stabilization of 
the titanium dioxide particles. In'another embodiment, tha compoeition containing the composite particle of this Inven- 
tion does not contain dispereant. Suitable dispersants include anionic polyeiectrolyte dispersarrts such as oopolymer- 
Izod maletc acid, copolymers including eopoiymerlzed acrylic acid. copoiymBrs including copoiymeriked methacryiic 
acid, and the like; orcarboxylic acids containing molecules such as tartaric acid, succinic acid, or citric ecid. 
[00S3] The practice of .the process of the presem Invention may depend on the specific grade of titanium dioxide 
employed. The present process may be employed to yield Improved coating properties with respect to a specific grade 
of titanium dioxide may be readily determined empirically. Electron microscopy may be ennployed to obsen/e the com- 
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poslie particle of ihis invention formed by admixing The first aqueoua medium, the second aqueous medium, and op- 
tionally, dispersant. Composite particle formation may also be characterized gravimetrloelly aa doeeribed In US 

e.OBO.ae^. 

[00541 addition to the composite particles, other componenta may be added to the composftbn of this Invention 
s depending upon the application of the composition. For example, a second polymer may ba included as a binder In a " 
composition auitabla as a coating formulation for coating substrates. As used herein, a second polymer refers to poi^ 
ytners which are nim forming at application condillone. Suitable Second polymers Include poiymer particles with mini- 
mum film formation temperatures at or bolow the application temperature. Other suitable second polymers include 
polymer particles with minimum film formation temperacures above the application temperature which may a] so Include 

10 "coaiescents or plasticlzers to provide the polymer particles with effective minimum film formation temperatures at or 
below the applicatiom temperature. Other suitable second polymsiis include water eoiubie polymers such as acrylic 
copolymers. Compositions including the composite particle of this Invention which are suitable as coaling compositions 
may contain from 0 to 30 weight % second polymer, based on the weight of the ccmposJiion solids. 
[0055] in addition, the composition containing the composite parttcles of this invention may also include other optional 
components. Including without limitation, other polymers, surfactants, extenders, pigments, and dyes, pearlescents, 
adhesion promoters, crossiinkers, dispersants, defoamers, leveling agents, optical brighteners, UV stabilizers, coales-^ 
cents, meo logy modifiers, preseryatrvee, blocldes, and antioxidants. F^uither,th^ composition containing the composite 
particles may also Include other pi gmentSi Including plastic pigments such assoild bead pigments and microsphere 
pigments containing voids or vesiciee, and inorganic pigments. Examples of solid bead pigments include polystyrene 

^ and polyvinyl chforide beads. Examples of micrDSphere pigments, which Include polymer particles containing one or 
mom voids and vesloulated polymer particles, are disclosed In U.S. 4.427,B3fi^ U.S. 4,8S0.1 bd; U,S. 4.594,363;. U.6. 
4.469,825; U.S. 4.466,486; U.si 4.080,642: U.S. 4,985,064; U.S. 5.157,064; U.S. 5,041,464; U.S. 5,036.109; U.S. 
5,409,776; and U.S. 5,510,422. The levels of composite particles and plastic pigments In the eompeeltion may be 
varied- to optimize a partioular property in the dried coating, such b& hiding, whiteness^ gloss, or any combination of 

Sff properties. 

[0056] The pH of the oompoelHon Including the oompoeiCe pertiote of this Invention may In the range of 3 to 10, 
Compositions having composites cohVarnlng two-phase poiymer particles which include phosphorus containing groups, 
cadboxylrc'acid groups, or acid macromonomeras the chemical groups which provide adsorption to the titanium dioxide 
pastiole, preferably have pH values In the range of 7 to 1 0. 

30 [0057] The improved aqueous stability of the composition containing the composite particle and the Improved scrub 
resistance of a coating prepared from this composition provide greater flexibility in preparing aqueous compositions 
containing the composite particle of this invention. For example, in some cases the use of the present process provides 
a means for reducing the amount of titanium dloylde pigment required to provide the target opacity. When the composite 
particles are used in coating formulations, the present method may provide improved coating properties, such as opacity 

95 or hiding, heat age resistance of hiding, whiteness, tint strength, mechanical properties, and gioss relative to systems 
that do not contain the composite particles of this invention. The method also provides coating fomnutatlons giving 
coatings with improved opacity for a given titanium dioxide pigment tevel. 

[0D58]. The composite particles of this Invamlon are particularly useful for Inrproving the performance properties of 
. coatings and paints formed therefrom. Alternatively, the invention offers the ability to formulate coatings and films of 

^ substantialiy equal perfomiance properties as conventional systems but with Cower concentrations of e^ensrve tita* 
- nlum dioxide pigment, and accordingly at loweroost. The present invention further contemplates preparing fully for- 
mulated aqueous compositions. Including aquecue coating compositions, using the composite particles, and tile sub- 
sequent use of the fully f ormuiated aqueous coaling f onuulation to f omn produ^, including coatings and coated articles. 
[0059] For the preparation of composite particles oontaining two^hase polymer particles which include phosphoms 

4s functional monomer, carboxyiic acid monomer, or acid macromonomer as a chemical group which provides adsorption 
to the titanium dioxide particle. It ts prsfennad that the titanium dioxide slurry la prepared with low levels or, more pref- 
erably, without phosphate oonteining dlepersanls and surfactants, as these dispersants and surfactants maybe difftcult 
to displace from the surface of the titanium dioxide to penmit adsoqation of the two-phase polymer particle. 
[0060] The two-phase polymer paniclee of this invention are preferably selected to provide strong adsorption to the 

so titanium digxlde particles. 

[0061] The process of the present Invention is believed to be dependentto some extent on the relative concentrations 
and particle sizes of the two-phase polymer particles and the titanium dioxide particles with more two-phase polymer 
particles being required at a higher oonoentratlon of titanium dioxide for optimum perfomnanee. Prefer^ly, the two- 
phase polymer particles are employed at sufficient levels to obtain opiimum performance properties in formulation ' 

S9 prepared for particular eppilcations. ' \] " 

[0062] The concentration ot pigment particles Including extenders whioh may be present In the coating formulation 
IS expressed In terms of the pigment volume concentralion of the formulation. The pigment volume .concentration 
(herainetter referred to as the "PVC**) of a formulation is defined as the volume amount of inorganic particles, including 
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titahlum dioxide and other pfgment particles as well as extender perdoles, preesnt tn the formulatron, divided by the 
sum of the' volume amount of such Inorganic particles ptud polymer particle solids in the fbmiulation end expressed 
herein as a percentage. The composite particles may improva the opacity or hiding of a coating formulated over any 
PVC range. Prefarably, the PVC of coating f6rmuiationB including the compofilte particle of the present inventidn is 

s front 5% to B5%, and more preferably from 10% to 60%. 

[0063] TTiG composition containing the composite particles of the present invention ara proferably usad in or as 
' architectural coatings such as Interior and exterior house paints. Including masonry paints, wood coatings, and treat- 
ments; floor polishes; maintenance coatings such as metal coatings; paper coalings; and tratflo paints such as those 
paints used to marK roads, pavements, and runways. 

io [Q064] The composition containing the composite particles of the present invention may also be useful for Improving 
the hiding of a coating. 

[0065] The llustrative examples which Tollow illustrate the composition and the process of the preaerit Inventfon, 
These examples will aid those skilled In the eit In understanding the present invention; however, the present invention 
Is in no way limited thereby. 
IS [0066] The fbiiowfng teet methods were ampioyed to evaluate the exampTe composttione: 

Composite $tat^i1ty; Composite stability was evaluated by preparing aqueous dispersions of the composites and 
airowlngthe aqueous dispersion to sttTor24 hours. After 24 hours, stable aqueous oompoafte dispersions remained 
fluid and pounable, and maintained a single phase. Unstable aqueous composite dispersions becanDe highly vls- 

£0 ecus or fbmned nonfluld pastes. 

Delta Tint Strength Test: Tmt strength is a measure of light scattering within the coating, In particular, light scattering 
by the trtanium dioxide partldes In the coating. Increased light acatterlng Is obsen/ed for coatings dontaining conf>- 
postte panicles which Include titanium dioxide partlcles as the tftanfum dioxide partldeB are epaoed apart from 
each oTher. Coating containing composite pardclea had Increase tintatrangth. eharaeterized by delta tint strength, 

^ compared to control coating which did not contain composite particles. Detta tint strength was measured by ftrst 

preparing a sample by applying a .oa mm (3 mil) thick wet Tilm of the oostSng formulation onto an opacity chart 
(Chart 5C, The Leneta Company). The coated samples was allowed to dry at 21 "C and 20% relative humidity for 
24i houTB. The Y reflectances of the coatsd samples were measured at a AS^/O' reflection setting with a Pacific 
Sclentirio Colorguard (Padfio Sdenttflc). The delta tint strength wae calculated by: 



90 



S9 



delta tint Strength s Y., - Yq 

where Y^ is the Y reflectance for the coated sample including composite particles and Yq is the Y reflectance for 
the contn^i coated sample which did not include composite particles. A delta tint strength value greater than zero 
indicates Improved light scattering compared to the control coating which did not contain composite partlctee, A 
difference of 0.1 unit or greater was regarded as significant. 

Scrub Resistance Test: Coaled scrub test panels were prepared tsy applying films of the coating formulation with 
a 0.1 a mm (7 mil) gap drawdown bar op scrub test panels (#P1 21 -1 ON from The Leneta Company). Control coated 
s^rub test panels were also prepared using a control coating foimulation which did not contain composite particles. 
The coated scrub tost panels were dried at 21 ''C and 50% reiatlVQ humidity for 7 days. The scrub resistance test 
was performed using en Abrasion Tester from Gardner Laboratory, according to the following procedure: The 
coated scrub test panel was placed on a scrub plate with two 6.35 cm brass shims placed 11 .4 cm from each other. 
On a scrub brush was placed 10 ml of Standardized Sonjb Medium (The Leneta Company, Item # SC-2). The 
scrub bueh wad then placed on the coated scrub test panel and 5 ml of water was placed on the coating along the 
line that the scrub brush will travel during the scrub resistance ta&t. The scrub resistance was evaluated by meEie- 
urlng the number of scrubs required to breakthrough theooating (FB) and the numberofsorubs required to remove 
a line completely across each sfiim (CL). Two coated scmb test panels were tested for each coating fontiulation. 
The scrub ratio (SR) was calculated by: 

SR « (FB,/FB^^, 4- FBg/FB°2r + FBh/FB",, + FBa,/FB°2, + CLi/CL°i, + 
CL^l\ + CLi,/CL^, + CLa/CL^'aVa 

where the subscripts "r* and T refer to the right and left shims, respectively, the subscripts "1 ' and "2" refer to the 
two coated scrub teet panels with each coating, and the superscript "O" refars to the control coated scrub test panel 
which did not contain composite particles. A scrub ratio greater than unity indicated that the coating had Increased 
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scrub r9si£tanc9 compared to the edntrol coating which did not contain oomposite particles. A difference of 0.05 
unit or' greater was regarded as signif jcant 



[0057] The totiowing abbreviations are used In the esxamples: 



AA 


acrylic acid 


D.I. water 


deionizad Water 


SLS 


sodium lauryl sulfate (28% solids) 


BA 


butyl acrylate 


MMA 


m Bthy Imethacyfata 


MAA 


melhacryllo acid 


PEM 


phosphoethyl mothacrylata (85% acrfve) 


ST 


etynene 


ALMA 


allyl methacrylata 


Surfactant 


Ethoxylatsd Cg to C^g aikyi othyl sulfate having from 1 to 


40 


ethylene oxide droups per molecule (30% active in water) 



15 

[0066] The two-phase polymer particles of this invention and comparative polymer partlcied In the following sjoamplas 
were prepared by polymertzation In a 5 liter, Tour necked round bottom flask which was equipped with a paddle stirrer. 
^ thermometer, nitrogen Inleti^ and a reflux condenser. 

Example 1 - Pr&paratiori of Two-Fhaee Pohmier Particles bv Two Stage Poivmerjzatlen 

[0069] The two-phase polymer partidee of this invention having a soft polymer phese end a hard polymer phase 
fiff were prepared by a two stage poljimertzfltlon using the following procedure: An Initial amount D.I. water wae added to 
the flask and healed to BO«C under a nitrogen atmosphere. Next, a eotudon eontemlng 1 0,0 g surfactant in 10.0 D.I. 
water was added to theflask, followed by the addition of ah Initrator solution containing 4.8 g sodium pereuffate fn 50.0 
g D.I. water. Isnmedlatefy after the addition of the inrtiator solution, a first monomer emulsion. ME i, was feed into the 
flask at a rate of approximately 12.0 gi'hiin while maintaining the temperature of the reaction mixture at 60*^C. After 
so oompletion of the first monomer emulsion feed, tho contents of the fla&k, were maintajned at BO^C for 1 0 minutes. Next 
a second monomsr emulGion, ME il. was added to the flask at a rata of approximately 14.0 g/hiln. After the completion 
or the second monomer emulsion feed, the rcsultcng dispersion wae malintained at BO*»C for 1 5 minutes and then allowed 
to cool to IS'^O. Next, aqueous ammonia (28%) wad added to raise ttie pH to 8.0 to 10.0. The oontentd of the flask 
were filtered to rannove any coagulum. 

S9 
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Table 1 .2 - 



10 



30 



Properties of Two-Phass Polymer Particles Prepared by Two Stag© Polymerization 


Example 


% Solids 


Particia Size (nm) 


pH 




Tg(ll) (^C) 


Wt. Ratio Hard/Solt 


l.i 


26.4 


83 


9.3 


iop 


6 


1:1 


1.2 


35.8 


87 


9.1 


* 100 


6 


2:1 


1.3 


35.5 


65 


8.8 


100 


7 


2:1 


1,4 


3S.9 


33 


9.3 


100 


4 


2i1 


1.S 


35.8 


86 


8.8 


100 


IS 


2:1 


1,6 


35.6 


89 


8.8 


100 


21 


2;1 


1.7 


35.5 


83 


8.8 


100 


28 


2:1 


1.B 


35,8 


89 


a.d 


•1 00 


7 


3:1 


1.9 


35.6 


B4 


a.8 


100 


7 


4:1 


1.10 


35.7 


86 


a,5 


100 


9 


4:1" 


1.11 


36.5 


dl 


8.5 


100 


7 


5:1 ■ 


1.12 


36.6 


90 


8.5 


100 


7 


7:1 


1.13 


36.5 


ad 


9.0 


100 


7 


10:1 


1.14 


36.6 


76 


8.8 


56 


5 


i:2 


1.15 


35.6 


91 


9.0 


59 ' 


s 


1:3 


1.16 


35.4 


86 


6.9 


56 


6 


1:4 


1.17 


36.6 


88 


B.B 


76 


7 


2:1 


1.18 


35.6 


83 


a,e 


S8 


7 


2:1 


1.19 


35.6 


74 


8.8 


43 


7 


2:1 



3& 



40 



Example 2 - Prepargtion of Comoaratlva Polvmars 
One-Phaee Polymer Particles 

[OOTTO] Comparative one-phaaa polymer partteCea wera praparad acoonfing to the following procedure: An Initial 
amount D.I. Water was added to the flaok and heated to 60"C under a nitrogen almoaphere. Next, a soap solution was 
prepared and added to the flask, followed by the addition of an Initiator eolutlon. Immediately after the addition of the 
Inttlaior solution, a monomer emulsion (ME) was feed Into the flask at a rata of 17.5 gMn whDe maintaining the tem- 
perature of the reaction mixture at BO'C. After completion of the monomer emulsion' feed, the contents of the flask, 
which contained an qllepef«lon.werBmalntalnadat80°Cfor15minute8andthenallowedtDcooitDl6''C. Next, aquooua 
ammonia (28%) was addadto raise the pHto 8.0 to 10.0. The contents of the flask were filtered to remove anycoaguium. 

2.1 Polymerization of Comparatiye One-Phase Polymer Particles 

[00711 



Bc^ple 


Initial D.I. Water (g) 


Soap Solution Initiator Solution 


Monomer Emulsiori 


Comparative A 


1800 


11 .8 g In iO g D.I. water. ' 
6.0 g sodium parsulfate In 
60.0g D.I. water. 


520.0 g D.r. water. 53.6 g SLS, 330.0 g 
BA. 11 02.1 g Mf^ A, 15.0 g AA. and 52.9 
g PEhA. 



ss 
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(continued) 





Example 


Initial DJ. Water (g) 


Soap Solution Initiator Solution 


Monomer Emulsion 


5 


Comparative B 


1600 


1 0.0 g suTfactant rn 
10.0 DJ. water. 

^ Q. ^ at s§ 111 f^n nAroiil^Q^A 

'^.o g ooaiurn persuiTaic in 

So.og 0,l. water. 


400.0 g D.I. water, 40.0 g surfactant, 
. 384.0 g BA. 761 .7 g MMA, 12.0 g AA, 
and 42.3 g PEM. 


10 


Comparative C 


1600 


10.0 g surfactant In 

10.0 D.I. water. 

4.6 9 sodium p^rsulfaCd In 


400.0 g D.I, water, 40.0 g surfactant, 
466.0 g BA, 677.7. g MIVIA» 1 2.0 g AA, 
and 42.3 g PEM. 


15 . 






50.0 g D.i. water. 






Comparative O 


1600 


10.0 g aurfactant In 

10.0 D.I. water. 

4.8 g sodium persulfate in 


400.0 9 D.I. wateo 40.0 g surTactanc, • 
564.0 g BA» 561 .7 g MMA. 12.0 g AA, 
and 42.3 g PEM. 


SO 






50,0 g D.I. water. 





[QD72] Comparative two-phaee |>clymer particfes were prepared acooidlng to the process of Example i . 

Tbt3l8 2.2. 



3S 



TwD-Stagecl Polymerization of Comparative Two-Phase Polymer Particles 


Example 


Initial D.I. Water (g) 


Monomer Emulsion (1) 


Monomer Emulsion (II) 


ComparatK^e E 


1600 


42.0 g D.I. water, 5.3 g eurfacterrt, 
160.1 g ST, and 0.9 g MAA. 


255 g D.I. water, 26.0 g eurfaetant, 
516.0 9 BA. 442.3 g MMA. and 72.7 

g PEM. 


Comparative F 


1600 


200.0 g D, 1. water. 24.4 g 
surfactant. 272.0 g BA, 524.0 g ST, 
and 4.0 g MAA. 


110 g D.I. water, 10 g surfactant, 
20O.0 g BA, 1 71 .8 g MMA, and 28.2 
gPEM. 


Comparative G 


1600 


200.0 g D.r. water, 24.4 g 
surfactant, 304,0 g BA, 492.0 g ST, 
end 4.0 g MAA. 


110 9 D.I. water, 10 g surfactant, 
200.0 g BA j 71 .6 g MMAj and 28.8 
g PEM. 


Comparalfve H 


1600 


200.0 g D.I. water, 24.4 Q 

surfactant, 336.0 g BA, 460.0 g ST, 
and 4.0 g MAA. 


11 0 g D.I. water, 1 0 g surfactant. 
200.0 g BA. 1 71 .6 g M MA. and 26.2 

g PEM. 



[pD73] Comparative E is a two-phase polymer particle wfth a 1 id weight ratio of hard polymer phase to soft polymer 
phase. 

[0074] CompEUativea F-H are two-phase polymer partioles with a 1 !2 weight ratio of two polymer phases In which 
both polymer phases have Tg*s t>elow 40"C . 



Table 1.1 - 



P rop erties of C omparatfvo P o lym ers 


Comparative 


Tg C^C) 


Particle Diameter (nm) 


PH 


Wt. Ratio Of le* Polymor Phase/ 2nd 
Polymer Phaae 


%Soild& 


A 




73 


8,1 




37.2 


B 


35 


62 


a.2 




34.8 


C 


23 


60 


8.7 




34.6 


D 


10 


79 


8.8 




34.9 
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T&bid 1 ,1 - (continued) 



Properties or comparative polymers 


Comparative 


Tg (-C) 


Panicle Diamoter (nm) 


PH 


Wt. Ratio of 1« Polymer Phase/ 2"** 
Polymer Phase 


% Solids 


E 


100/7* 


89 


8.5 


1:6 


35.2 


F 


2B/7- 


71 


9.6 


1:2 


36.1 


G 


22/7* 


72 


9.2 




36.1 


.H 


15/7* 


72 


9.2 


1:2 


36.0 



*Tg of hard potymer phoee/Tg ot aoft poV^^)«r pha&a. 



Preparation of Coating Formulaf ons 

[0075] A coating fomiulatlon was prepared according to the followTng procedure: 
A titanium dioxide pi^ent slurry waa prepared by mixing: 



Water 


44.7Tg 


ColloldTw 643 defoamer 


3.65 g 


Tamo|T^« 731 A dlsper^ant (26% solids) 


7.40 g 


Tl-Pure™ R-706 titanium dioxide 


201 .94 g 


Aqueous ammonia (26%) 


1.82 g 



Collofd b a trademark of Rhone-Poujenc Corp- T^sunol 731 la a sodium salt of polymeric cart^oxylic acid, a polycaifoox- 
ylate dlsparaant. T^ol Js a trademark of Rohm and Haaa Company. Tl-Pure la a trademark of Du Pont de Nemours 
Co. Tl-Pure R-706 is a coatlnge grade of rutile titanlurn dioxide. These 'components were milled on a high speed dtek 
disperser to form a titanium dioxide pigment alurry. Tha dlspereton oontalninp connposBs particJes was prepared by 

30 mbcing the titanium dioxide pigment slurry Into a dlaperalon containing the two-phase polymer partlclies and dilution 
water. The dispersion was allowed to sit for 24 hours prior to the formulation of the coating formulatlonr 
[0076] The coating formulation was prepared by admixing the ingredtente Hated In Table 3.1 to the dispersion con- 
taining the oompoelte partlclea. The latex adsorber in Table 3.1 represents a dispersion containing ttie two-phase 
polymer particles, oraltemativelyp a dispersion containing comparative adsorbing particles for the compa^at^/6 coating 

35 fotrTiulaBons. A control coating formulation, PC-0, wa« also prepared which did not contain composite particles. The 
control coating formulation was formulated by admixing the ingredients listed In Table 3.1 with the titanium dioxide 
pigment alurry. The coating formulations wer& allowed to sit for 24 hours prior to application. The composite prepared 
with comparative two-phase polymer particles, Comparative B, was not stable as evidenced by the formation of a solid 
gel. This preventedthefomnulatlon of the coating fomnulatJon, PC-E, including the composite containing Comparative E. 

40 t 



55 
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i3 ® 
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Example 4 - Apone«tlQn& Reauits 

[0077] Cooclngifi containing the Donrrposite partictes of this invention were compared to comparative coatings con- 
taining composite partlcies. The conii^l coating for the deita tint scrangth and tha scrub ratio determinations was a 
^ coating which did not contain composite part'ctes. 

[007d] A3 groups of coating formulations wera evaluated on different days, the control coaling formulation, PC-0, 
which was the cornparative basis for the delta tint strength and scrub ratio tests » was remeaeured for each group of 
coating formulations reported in a tabid. 

10 . ' Table 4,1 - 



Cornparlson between Coatings Containing Composites including Two Phase Polymer Particles and One-Phase 
Polymer Particles 


Coating 
Form u fatten 


Polymer 
Typo 


Hand Tg 
(-C) 


Soft Tg 

rc) 


Wt. Ratio 
Hard'.Sott 


Oomposiie 
Stability 


• Delta Tint 
Strength 


Scrub Ratio 


Exampts 3.1 


2 phase 


100 


6 


1:1 


stable 




1.11 


PC-A 


1 phase 


55 


n.a. 


n.a. 


stable 


1.B 


• 0.94 



2a The results in Table 4.1 ^how that compostte 'partbiefi Inc^luding the two-pheee polymer particle of Example 3.1 and - 
the single-phase polynier particle of comparative PC-A formed stable aqueous dispersions and had improved light 
scattering ability as indicated by delta tinted strength compared to the control coeting formulation, PC-0, which did not 
contain composite particles. Furtherp the coating oorUainIng composite particles of tfiis Inventioni Exarnple 3.1 . which 
Included two-phase polymer pailiclea. had improved scrub resistance compared to the control coating which did not 
contain composfta particles. In contrast, the coating containing composite particles which included single^hase pol" 
ymer particles had decreased scrub resistance compared to the control coating which did not contain oomposite par- 
ticles. 



Table 4.3 • 



40 



Comjaarison between Coatings Containing CompoBiles including Two Phase Polymer Partidee end One-Phase 
Polymer Particles 


Coating 
Formulation 


Polymer 

Typo 


HardTg 


SoftTg 


WL Ratio 
Hard:Sofl 


Composite 
Stability 


Delta Tint 
Strength 


Scrub Ratio 


Example 
3.10 


2 phase 


100 


7 


3:1 


stable 


1.0 


1.16 


PC-D 


1 phase 


n.a 


10 


n.a. 


unstable 


1.3 


1.13 




1 phase 


n.a. 


23 


n.a. 


unstable 


1.2 


1.00 


PC-B 


1 phase 


n.a. 


35 


n.a. 


etable 


1.2 


0.94 


PC-A 


1 phase 


55 


n.a. 


n.a. 


stable 


1.3 


0.64 



The resute in Table 4.2 shows that the coating containing composite particles of this invention, Example 3.10, which 
43 included two^^hase polymer particles, provided a <lonnbinetlon of forming a stable aqueous dispersion of i;»?mpoeite 
particlBs and providing a coating with ecrub reslatance. in comparispn, the comparathre eoetinge PC^A and PC-B, 
which contained compoarte particles Including single phase polymer particles, had decreased scoib resistance com- 
pared to ttie control coating which did not contain composKe particles.. Purifier, the comparative titanium dioxide particle 
dUpsrslona used to prepare comparative coatings PC-C and PC-D were not stable. 
BO [0079] Coatings containing composite particles wars prepared irk which the weight ratio of the two-phase polymer 
particles to titanium dioxide particles was varied between 12 to 20 parts of the two-phase polymer particles to lOO 
parte titanium dioxide. 
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Table 4.3 



IS 



so 



20 



3Q 



Effect Of Weight Ratio ofTwo-Phae© Polymer Partldes to Titanium Dioxide Partfcles on Scrub Rarfo 


Coating Fonmulatlon 


Wt. Ratio of Twi>>phas3 PolymarTiOa 


Poiymer Type 


Scrub Ratio 


Example 3.1 


12/100 


2 phase 


1.10 


Examplfi 3^ 


16/100 


2 phase 


1.10 




20/100 


2 phase 


1.12 



The results in T^ble 4.3 showed that coatings containing composites which Included 12! to 20 parts two-phase polymer 
particles to 1 00 parts titanium dioxide had better scrub ratio resldtance than the control coating which did not contain 
composite particles. Further, the scrub ratio remained nearly constant in this range of two^hase polymer particles to 
titanium dioxide. 

[0080] Coating formulation were evaluated oonlalning composite particl'es which Included two-phase polymer partl^ 
des wi^ several different glass transldon tamperatures for the soft polymer phase and a hard polymer phase Tg of 
1 00*C. The weight ratio of the hard phase to the soft phase was 2:1 . 

Table 4.4- 



Effect of Soft Tg of Two Phase Polymer on Stability, Delta Tint Strength, and Scrub Ratio 


Coating Fomiulation 


SoRTg(«^C) 


Composite Stabilrty 


Delta Tint Strengtri 


Scrub Ratio 


Example 3.9 


28 


stable 


1.9 


1.12 


'Example 3.8- 


21 


Stable 


2.1 


1.17 


E)cempld 3.7 


15 


stable 


2.1 


1.31 


Exarnpie 3.5 


7 


stable 


2.2 


1.20 



The results in Table 4.4.&how that camposttes of Examples 3.5, 3.7, 3.3, and 3,9 provided Stable aqueous dispersions 
and/provided coating with better scrub resistance than the control ooerting whtch did not contain composite particles. 
The tint strength and the scrub ratio increased as the Tg of the soft polymer phase decreased from 28°C to 7^C. 
[0QB1] Coating fonnulatlons were evaluated containing composite pariicieB which included two-phase polymer par- 
ticles with several different glass transition temperatures for the hard polymar phaso ^nd a soft polymer ph€ise Tg Of 
7<*c. Tha.weight ratio of the hard phase to the soft phase was 2:1 , For the comparative two-phase polymer particles, 
the weight ratio of tfie polymer phase with the higher Tg to the polymer phase with the lower Tg was 2:1 . 

'feble4.5- 



Effect of Hard Tg of Two Phase Polymer on Stability, Delta Tint Strength, and Scrub Ratio 


Coating Formulation 


HandTg (*C) 


Compo&lte Stability 


Delta Tint Strength 


Scrub Ratio 


Example 3.5 


100 


«t^l3 


1.5 


1.10 


Example 3.1 9 


76 


Stable 


1.5 


1.13 


Example 3.20 


$B 


stable 


1.7 


1.09 


Example 3.21 


43 


stable 


1.4 


1.09 


PC-F 


28 


unstable 


1.4 


1.21 


PO-Q 


22 


unstable 


1.3 


1.13 


. PC-H 


15 


unstable 


1.4 


1.25 



The results In Table 4.6 showed that composites of Examples 3.5, 3.19, 3,20, and 3.21 provided stable aqueous dis- 
persions and -cDatings with batter suitabia scrub resistance than the control coating which did not contain oompoelte 
particles. In czontrsst, the comparative composii^s containing two-phase polymer particles in which ooth polymer phase 
had glass transition values below 40<*C dld'not provide stable aqueous dispersions. 

[0082] Coating formulations were evaluated containing composite panicles wi^leh Included two-phase polymer par^ 
ticles with several different weight ratios of the hard polymer phase to the soft polymer phase. The Tg of the hard 
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polymer phase was 1 0O^C and the Tg of the soft polymer phaae was T*C. 

Tdbla 4.6 - 



Effect of the Ratio of the Hard Polymer Phase to the Soft Polymer Phase on the Coating Properties 


Coaling Formulation 


Hard PhaserSoft Phase 
Ratio 


Composite Stability 


Delta Tint Strength 


Scrub Ratio 


Example 3,15 


10:1 


stable 


1.3 


1.21 


ExamplG 3.14 


7:1 


st^bla 


1.4 


1.21 


Exampfa 3.13 


S:1 


Stable 


1.5 


1.19 


Example 3,10 


3:1 


stable 


2.0 


1.SB 


Example 3.5 


2:1 


dtable 


2.2 


1-20 


. Composite Inciucfing 
Com-E 


1:6 


unstable 


n.a. 


n.a. 



10 



73 



2S 



The reculte In Table 4.6 showed that the composite particles of Examples 3.15. 3,14. 3.13, and 3.10 provided stable 
aqueous dispersions and provided coating wfth batter auRabIa scrub resistance than the conb^l Goatingi PC-0. The 
comparative corrposita particles whieh induded Comparative E, a two-phaae polymer particle with a ratio of .hard 
polymer phase to eoft poty^^ phase outside tha range of ttiis invention, did not fomn a stable aqueoue didpemion. 
[00B3] Coating formulations were evaluated containing composite partlolea which Included two*phase polymer par- 
ticles wtth weight ratios of the hard polymer phase to the soft polymer phase fn the range of 2:1 to 1 The Tg of the 
soft polymer phase was approximately S"C. - ' 

Table 4.7 - 



EffGct of tho Ratio of the Hard Polymer Phase to the Soft Polymer Phase on the Coating Properties 


Coating 
FomiUlation 


Polymer 
Type 


Hard Tg 
(»C) 


Soft Tg 
(-C) 


Wt. Ratio 

Hard!Soft 


CQmpoelle 

Stability 


Delta Tint 
Strength 


Serub Ratio 


EXQnnple3.^ 


2 phase 


100 


7 


2:1 


stable 


1.6 


1.53 


Example ^ 

3.1S 


2 phase 


56 


6 


1:2 


Stable 


1.8 


1.38 


Example 
3.ir 


2 phase 


59 


5 


1:3 


stable 


1.S 


1.42 


Example 
3.1© 


2 phase 


56 


5 


1:4 


atable 


1.9 


1.38 


PC-A 


1 phase 


55 


n.a. 


n.a. 


stable 


1.6 


1.13 



4tf 



In the results in Table 4.7, the contnal coating, wirilch did not eontain composite pardoies, had lower scrub realatanoe 
than other samples of the control coating. Consequently^ the calculated values for the scrub ratio are skewed higher. 
Tha results in l^le 4,7 siiowthet the composite particles with ratios of hard polymer phase to soft polymer phase In 
the range of 2:1 to 1 :4 provided stable aqueous dispersions. Further these composite particles provided coatings with 
improved scrub resistance compared to a coating containing composite particles including one-phase polymer parti- 
cles. The coairngs containing composite panicles had increased light scattering compared to the control coatingt as 
IndJcared by the delta tint strength values. 

[0084] Coating formulations were evaluated containing composite particles having two-phase polymer particles 
which included several levels of phosphorus-functional monomer as a polymerized group and a coating formulation 
containing composite particles having two-phase polymer particles which include ^d macromonomeras a polymerized 
group. 
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Table 4.8- 



Effect of Type aVid Level of Chemical Group to Provide Ad^oiptJon to "ntanlum Dioxide 



Coating 

Formulation 


Polymer 

Typo 


HardT^ 

(-C) 


SoftTg 


Wt. Ratio 

Hard:Soft 


Acid 
Group 


Composite 
Stability 


Delta Tint 
Strength 


Scmb 
Ratio 


Example 3.5 


2 phase 


100 


7 


2:1 


2% PEM 


stable 


1.0 


1.06 


Example 3.4 


2 phase 


100 


6 


2:1 • 


1%PEM 


stable 


0.3 


1.11 


Example 3.5 


2 pbQGQ 


100 


4 


2:1 ■ 


1 .5% 
O-AA 


stable 


0.4 


1.08 


PG-A 


1 pha$& 


55 




n.a. 


3% PEM 


stable 


0.4 


0.d2 



15 



20 



The rofiults in Table 4.8 shoMvlhat the Qompoeite particles which include two-phase polymor panic(oa including PEM 
and o-AA as a polymerized group, as exempflfied by Examples 3.4-3.6. presided a combination of stable aqueous 
dlapersbns. coatings with increased light scattering compared to the control coating which did not contain composite 
partlcfes, and impn^vad scrub re&lsranca compered to a coating containing composite particles including one-phase 
polymer part'des, as exemplified by PC-A. 

Table 4.9 - 



Effect of Pho&phorus-Functional Monomer Level 


Coating 
FonnuiatlDn 


Polymer 
TVpe 


HardTg 
(•C) 


SoftTg 


wt. Ratio 
Hard:SoTt 


Add 

Group 


Composite 
Stability 


Delta Tint 
Strength 


Scrub 
Ratio 


Example 3.4 


2 phase 


100 


6 


2:1 


1% PEM 


stable 


1.3 


1.17 


Example 
9.11 


2 phase 


100 


7 


4:1 


1^% 
PEM 


stable 


1.4 


1.2Q 


Example 
3.12 


2 phase 


100 


g 


4:1 


2% PEM 


stable 


• 1.6 


1.15 


PO-A 


1 phase 


55 


n.a. 


n.a. 


3% PEM 


stable 


1.8 


0.S3 



40 



The reaulta In Table 4.9 show that the composite particles which contain two-phase polymer particles fnctuding 1 to 2 
weight % PEM as a polyn^rized unit, provided stable aqueous dispersions of composite particles, and provided coat- 
ings with Increased light soanering compared to a control coating which did not oontaln composite parbcles and im- 
proved scrub rsslstanoe compared to a coating containing composite particles includng one-phase polymer particles, 
as exemplrfied by PC-A. 



Claims 



BS 



1 . A composltioh comprising at least one composite particle; 
wherein said composito particle comprtses: 

a) a titanium dioxide particle; and 

b) two-phase polymer particles adsoibed on the surface of said titanium dioxide paillcle; 

wherein said composite particle Is fomied in an aqueous mixture consisting essentially of at least one said titanium 
dioxide particle, a multiplicity of sakJ two-phase polymer particles, and optionally, dispersant, and the weight ratio 
of said multiplicity or said two-phase polymer particles to at least one said thanium dioxide particle In said aqueous 
mbcturs is in the range of 1 :20 to 1 ."a; 

wherein each of said two-phase polymer parUcles comprises: 

i) a soft polymer phaas with a glass transition temperature Ibbb than or equal to 40*0, and 
fi) a hard polymer phase with a glass tTansit'on temperature greater than 40'*C; . 
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wherein the difference between the glass transition temperature of said hard polyi^er phaae ahd said eolt 
polymer phase is at least 10'C; 

wherein the average weight ratio of said hard polynner phase to said sott polymer phase is In the range of 
10:1 to 1:5; and 
s wherein 

A) each of said two-phase polymer particles Includee at least one element selected from the group consisting of: 

at least one phosphorus functional monomer as a polymerlzod gn>up, 

at leasts weight % of at least one cerfooxyllc acid monomer as a polymerized group, based on weight of 
said two-phase polymer particles, 

at least one acid macromonomer as a polymerized group, and 

awatersoluble polymer chem teal ly bonded to said two-phasa polymer particles wherein said water aoltrbie 
polymer has a molecular weight of at least 1500 prior to bonding to said two-phase polymer particles and 
f^ oontafne at least one moiety adeorbable to said trtanium dlo^dde particle^; or 

B) said two-phase poiynner particles end eoid titanium dioxide particle have opposite charges. 

2. The compofiitlon according to Claim 1 Wherein said two-phase polymer particles cdmprise as polymerized units, 
SO at least one phoephorus functional monomer. 

9. The composition according to Claim 1 wherein said two-phase polymer particles comprise as polynnerlzed Mnrts. 
at least € % weight of at least one carboxylTc acid monomer, based on weight of saldtwo*phase polymer particles. 

£^ 4. The oompoaition according to Claim 1 wherein eaid two-phase polymer panicles are prepared by an aqueous 
. emulsion polymeifza'don prbossa moiuding at least two polymerization stages. 

5. The composition according to Claim 1 wherein said two-phase polymer particles have an average diameter in the 
range or'<60 to 200 nm. 

30 

0. A process for preparing a atabia aqueoua diapensioh of composite particles comprising the steps oT: 
a) dispersing trtanium dioxide particles In a first aqueous medium; 

bl preparing a dispersion or suspenelon of two-phase polymer particles In a serand aqueous medium, wherein 
3S said two-phase polymer particJes oomphae: 

1) a soft polymer phase with a glass transition temperature less than or equal to 40^C, and 
n) a hard polymer phase with a glass transition temperature greater than 40^0; 

^ wt^ereln the difference between the glass transition temperatur© of said hard polymer phase and said soft 

polymer phase IS at least 10°O: 

wherein the average weight ratio of said hard polymer phase to said soft polymer phase Is In the range of 1 0; 

1 to 1:5; and 

Wherein 

A) each of said two-phaee polymer partlciea Includes at least one element selected from the group oon- 
eistlng of: 

at Idast one phosphorus functional monomer as a polymerized group, 

^t feast 5 weight % of at least one carboxyiic acid monomer as a polymerized group, based on weight 
of said two-phase polymer particles, ' 
at least one add macromonomer as a polymerized group, and 

a water soluble polymer ohemloally bonded to said two-phase polymer particles wherein said water 
soluble polymer has a molecular weight of at least 1500 prior to bonding to said two-phase polymer 
^ particles and contains at least one moiety adsorbable to aald titanium dioxide particle,' or 

B) seld two-phase polymer particles and said titanium dioxide particle have opposite charges; 
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c) preparing a mixture consldtlng esdentlalty of daid fir&t aqueous mGdium, said second aqueous medium, and 
optionally, dispersant, wherein the average weight ratio of said two-phase polymer partlolaa to said titanium 
dioxide panlclaa la In the range of 1 :20 to 1 :2: and 

d) pemiltting adsorption of said twoishaee polymer particles to saTd titanium dioxide partlolee to foim said 

9 stable aqueous dispersion oi composite parttoles. 

7. Tho process according to Claim 6 wherein said two-phase polymer particles comprise as polymerized units, at 
least one phosphorus functional nrwnomer 

10 8. The process according to Claim 6 wherein said two-phase polymer particles ocmpriso as polymerized units, at 

least 5 % weight of at least one carboxyllc acid monomer, based on weight of said two-phase polymer particles. 

9. The process according to Claim 6 wherein said two-phase polymer particles are prepared t3y an aqueous emulsion 
polymerization process including at least two polymerization stages. 

IS 

10. The process according to Claim 6 wherein said two-phase polymer particles have an average diameter In the 
range of 30 to 200 nm. 
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